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SPECIFICATION 

Title of the Invention 

Formaldehyde Detecting Material 
Field of the Invention 

This invention relates to a detecting material for 
detecting formaldehyde present in environment by color 
reaction. 

Description of the Prior Art 

As concern about environmental health grows recently, 
much consideration is given to indoor environmental pollution 
by formaldehyde . Formaldehyde contained in building materials 
of newly built houses and furniture is considered as a cause 
of various symptoms in those who are anaphylactic to chemical 
substances that are generically called the sick house symptom* 
It may seem possible that use of reagents can be eliminated 
by saturating filter paper or other porous carriers with 
reagents* However, such test papers do not have high enough 
detection sensitivity. Their background color is too great, 
dynamic range is too low and detection range is too narrow for 
determination of reaction colors by optical densitometer etc. 
Besides, colors of such test papers are likely to be changed 
by other gases than formaldehyde as well. These problems make 
such test papers unsuitable for practical uses. 

To solve these problems, Japanese Provisional Patent 
Publication No . H07-55792, for example, proposes a formaldehyde 



detecting paper comprising acid salt of hydroxylamine and a 
hydrogen ion concentration indicator changing color in acid 
region spread over porous carriers. 

This detecting paper is capable of detecting such 
formaldehyde of only a few ppm as remains in environment after 
disinfection with formaldehyde in special environment with a 
relative humidity of over 80 percent. Because, however, high 
humidity is indispensable, measurement range is limited. 

To solve this problem, Japanese Provisional Patent 
Publication No. H07-22989, for example, proposes a detector 
comprising hydroxylamine sulfate and at least one hydrogen ion 
concentration indicator selected from the group of methyl 
yellow, methyl orange, benzyl orange and tropeolin spread over 
a porous carrier. The degree of coloration by sulfuric acid 
naturally free on the tape is controlled to improve shelf life. 

However, this type of detector has a problem that a long 
time is required to detect formaldehyde of such concentration 
as is possessed by the formaldehyde liberated from the wallpaper 
adhesive, which constitutes a cause of the sick house symptom, 
into atmosphere. 

The object of this invention is to provide a detecting 
material having high enough sensitivity to detect formaldehyde 
of such concentration as will constitute a cause of the sick 
house symptom in a short time. 
Summary of the Invention 
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A detecting material according to this invention 
comprises a base material containing a silica gel at least in 
the gas reaction zone and impregnated with a coloring liquid 
containing 4-amino-4-phenyl-3-ene-2-one and a buffer solution, 
with the solvent volatilized. 

• This detecting material detects formaldehyde with a 
high sensitivity by detecting the light absorbance of the 
singular absorbed wavelength of lutidine formed by the reaction 
of 4-amino-4-phenyl-3-ene-2-one with formaldehyde. 
Brief Description of the Drawing 

Fig. 1 is a diagram plotting the light absorbance spectra 
of the coloring reagent itself and the product of reaction of 
the coloring reagent with formaldehyde. 

Fig. 2 is a diagram plotting changes in the light 
absorbance of the detecting material of this invention vs. 
formaldehyde by using the sampling time as a parameter. 

Fig. 3 is a diagram plotting changes in the light 
absorbance of the detecting material of this invention vs. 
4-amino-4- phenyl-3-ene-2-one by using the sampling time as a 
parameter. 

Fig. 4 is a diagram plotting changes in the light 
absorbance of the detecting material of this invention vs. a 
buffer solution of phosphoric acid buffer solution. 

Fig. 5(a) and 5(b) show an example of the detecting 
material of this invention and a measuring device using it. 
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Description of Preferred Embodiments 

Details of this invention are described below by making 
reference to preferred embodiments. 

A coloring liquid is prepared by dissolving 
4-amino-4-phenyl-3-ene-2-one and phosphoric acid, buffer 
solution (pH 2.5) in a volatilizable solvent, such as methanol. 
A detecting material of this invention is made by impregnating 
a tabular base material containing silica gel at least in the 
surface thereof with the coloring liquid thus prepared and 
volatilizing the methanol or other solvent. 

The 4-amino-4-phenyl-3-ene-2-one shown in Equation 1 can 
be prepared as described below. 



3.24R (0.02 mol) of 1-phenyl-l , 3-butanedione, 60 ml of 
dry benzene, 3.08 g (0.04 mol) of ammonium acetate and 1.0 ml 
of acetic acid were put in a 200 ml three-neck flask having a 
Dean-Stark trap and circulated for 12 hours in a stream of 
nitrogen gas. The product was cooled, washed with water and 
dried with anhydrous sodium sulfate. After removing the 
solvent under a reduced pressure, the product was purified by 



[Equation 1] 
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^^^^^^^^^ column chromatography . 

The base material comprises a sheet formed by compressing 
particles of silica gel, or a sheet formed by forming a layer 
of silica gel particles at the surface of glass or other base 
material, or a sheet formed by depositing from a mixture of 
fibers such as cellulose and silica gel particles. 

The detecting material 1 forms a unit 2 by mounting in 
a recess having an opening la shown in Fig. 5(a) as disclosed 
in Japanese Provisional Patent Publication H07-229889. The 
unit 2 set in a portable detector shown in Fig. 5(b) permits 
easy detection of formaldehyde. 

The detector comprises a gas suction unit 3, measuring 
head 4, a signal processing unit detecting changes in the 
optical concentration from the measuring head and a case 6 
having a window 5 through which part of the measuring head is 
exposed. The gas suction unit 3 is adapted to direct the sucked 
gas to the unit 2. Reference numerals 8 and 9 respectively 
designate a cover and a gas suction port. 

The gas detecting material thus formed has a light 
absorption characteristic that the peak is reached at 350 nm 
and absorption stops at 400 nm as indicated by curve A in Fig. 
1 . 

When the detecting material is set in the measuring device 
disclosed, for example, in Japanese Provisional Patent 
Publication No. H07-229889 and exposed to an atmosphere 
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containing formaldehyde, formaldehyde reacts with 
4-amino-4-phenyl-3-ene-2-one by catalysis of silica gel 
particles as shown in Equation 2. 

[Equation 2] 
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The reaction foams a lutidine 1- ( 5-acetyl-2 , 4-diphenyl- 
3H, 6H-3-azinyl) ethan-l-one at the surface of the detecting 
material depending on the concentration of formaldehyde. 

The lutidine has an absorption characteristic to respond 
to wavelengths longer than 400 nm to which 4-amino-4-phenyl- 
3-ene-2-one does not respond as indicated by curve B in Fig. 
1. A photoreceiving means 7 singularly detects the wavelength 
at, for example, 430 nm by irradiating the light from, for 
example, a light emitting diode 6. 

A coloring liquid was prepared by gradually dissolving 

1 wt. % of 4-amino-4-phenyl-3-ene-2-one and 20 v/v % of 
phosphoric acid buffer solution in methanol and a detecting 
material was prepared by the method described earlier. Fig. 

2 shows the results obtained by measuring light absorbance of 
formaldehyde of different concentrations by setting exposure 
time (sampling time) at five minutes (indicated by A), ten 
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minutes (indicated by B) and fifteen minutes (indicated by C) . 

As can be seen, formaldehyde between approximately 0.05 
ppm and 0.7 ppm was surely detected. 

Next, another detecting material was prepared by fixing 
the concentration of the phosphoric acid buffer solution at 20 
v/v % and varying the concentration of 4-amino-4-phenyl-3-ene- 
2-one. Fig. 3 shows the results obtained by exposing the 
detecting material thus prepared to air not containing 
formaldehyde (indicated by A) and one containing formaldehyde 
for five minutes (indicated by B) , ten minutes (indicated by 
C) and fifteen minutes (indicated by D) . 

The results showed that the coloring reagent containing 
0 . 5 wt % 4-amino-4-phenyl-3-ene-2-one has the smallest blank 
value and a high relative sensitivity. 

Still another detecting material was prepared by fixing 
the concentration of 4-amino-4-phenyl-3-ene-2-one (at 1 wt %) 
and varying the concentration of the phosphoric acid buffer 
solution. Fig. 4 shows the sensitivity of the detecting 
material thus prepared to formaldehyde. 

The results showed that the sensitivity of the detecting 
material is proportional to the concentration of the phosphoric 
acid buffer solution. Because of drying or other factors, it 
proved desirable to keep the concentration of the phosphoric 
acid buffer solution at approximately 10 v/v %. 
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